vision. They are also rewired to connect to the motion processing centers for additional sensitivity. I will discuss the molecular basis for this fate transformation and modification of axon targeting.
The dorsal part of the turtle shell, or the carapace, is made of modified ribs and the vertebral column. The structure is regarded as an example of evolutionary novelties because the topographical relationships between the ribs and the scapula is reversed as compared to that in other amniotes. To explain this, the folding theory assumes that the turtle-specific body plan was achieved through sequential developmental changes that proceeded in a stepwise manner. This involved the axial arrest of the rib primordia (turtle ribs are confined in the axial part of the embryo), peripheral growth of the carapacial anlage along the embryonic ridge called the carapacial ridge (CR), and inward folding of the ventral body wall to encapsulate the scapula. Survey of fossil records suggested that a lineage of marine reptiles experienced the axial arrest and loss of sternum about 250mya, which is consistent with the molecular clock estimate of the turtle-archosaurian dichotomy. The CR, specific to the turtle embryo, is characterized by turtle-specific expression of genes involved in the canonical Wnt signaling pathway, and functions in the marginal growth of the carapacial primordium, resulting in the fan-shaped pattern of the turtle ribs in the late phase of morphogenesis. Other turtle-specific genes were potentially responsible for the axial arrest of the ribs. A Triassic fossil animal, Odontochelys, assumed to have been in an ancestral lineage of the modern turtle, exhibited a morphology resembling the embryo of modern turtles before the folding. Such an anatomy is consistent that enhancement of the late CR function in late development has led to the acquisition of a round carapace, resulting in encapsulation of the scapula as an evolutionary novelty of the turtle lineage. To understand the progression from stem cells to differentiated tissues we are exploiting the simplifying aspects of root development. We have developed new experimental, analytical and imaging methods to identify networks functioning within different cell types and developmental stages of the root. We are particularly interested in a subnetwork that regulates a key asymmetric cell division of a stem cell and the regulatory networks that control differentiation of the stem cell's progeny. These networks are partially dependent on cell-to-cell signaling through movement of transcription factors. To quantify dynamic aspects of these networks, we are employing lightsheet microscopy to image accumulation of their different components. To find additional signaling molecules we performed ribosome profiling and identified putative peptide ligands. We have also uncovered a clock-like process responsible for the positioning of lateral roots along the root primary axis. Two sets of genes were identified that oscillate in opposite phases at the root tip and are involved in the production of prebranch sites, locations of future lateral roots. A derivative of the carotenoid biosynthesis pathway appears to act as a new mobile signal regulating root architecture.
This work is supported by grants from the NIH, NSF and the Gordon and Betty Moore Foundation. Recent studies investigating the directed differentiation of human pluripotent stem cells have observed the spontaneous 3D patterning of tissue organoids, including brain, optic cup, stomach and intestine. Such protocols are based on a deep understanding of the normal processes of embryonic patterning of the tissue to be generated and upon an inherent capacity for self-organisation of cells within developing tissues. Development of the mammalian kidney involves reciprocal signalling between critical progenitor populations to drive the formation of a branching ureteric tree and a nephron-producing surrounding mesenchyme. Based on detailed temporospatial transcriptional and morphological analyses of kidney development, we have developed a protocol for the differentiation of human pluripotent stem cells into kidney organoids containing collecting duct epithelium, patterned and segmenting nephrons, surrounding interstitium and vasculature (1). This involves the stepwise induction of posterior primitive streak, anterior and posterior intermediate mesoderm and ultimately progenitors of all epithelial and non-epithelial components of the final organ. The development of this protocol opens the door on disease modelling and drug screening using organoids as a model of the kidney. In the longer term, such an approach may provide the requisite cell types for new therapies for kidney disease, including cellular therapy and bioengineered renal tissue. Drosophila has emerged in recent years as a prime model to dissect the intricate interactions between organs and the role hormones play in coordinating the state of one organ/tissue with others. For many years most hormonal studies in Drosophila focused on Insulin signaling, Abstracts S12
